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$Q LQQDWH GHIHQVH SHSWLGH %3,)$63/81& UHVWULFWV LQIOXHQ]D $
YLUXVLQIHFWLRQ
.KRQGRNHU0$NUDP1DWKLID$0R\R*DLO+/HHPLQJ/\QQH%LQJOH6HHPD
-DVLP6DLUD+XVVDLQ$QLWD6FKRUOHPPHU$QMD.LSDU3DXO'LJDUG5DOSK$
7ULSS5DOSK96KRKHW&ROLQ'%LQJOH	-DPHV36WHZDUW	

$FDGHPLF8QLWRI5HVSLUDWRU\0HGLFLQH'HSDUWPHQWRI,QIHFWLRQ,PPXQLW\DQG
&DUGLRYDVFXODU'LVHDVH8QLYHUVLW\RI6KHIILHOG6KHIILHOG8.
'HSDUWPHQWRI,QIHFWLRQ%LRORJ\DQG9HWHULQDU\3DWKRORJ\8QLYHUVLW\RI/LYHUSRRO
/LYHUSRRO8.
$FDGHPLF8QLWRI2UDODQG0D[LOORIDFLDO3DWKRORJ\6FKRRORI&OLQLFDO'HQWLVWU\
8QLYHUVLW\RI6KHIILHOG6KHIILHOG8.
7KH5RVOLQ,QVWLWXWH8QLYHUVLW\RI(GLQEXUJK(GLQEXUJK8.
-RKQ$%XUQV6FKRRORI0HGLFLQH8QLYHUVLW\RI+DZDLL+RQROXOX+,86$
,QVWLWXWHRI9HWHULQDU\3DWKRORJ\9HWVXLVVH)DFXOW\8QLYHUVLW\RI=XULFK=XULFK
6ZLW]HUODQG
'HSDUWPHQWRI,QIHFWLRXV'LVHDVHV8QLYHUVLW\RI*HRUJLD$WKHQV*$86$

&RUUHVSRQGLQJ$XWKRU
-DPHV36WHZDUW3K''HSDUWPHQWRI,QIHFWLRQ%LRORJ\7KH8QLYHUVLW\RI
/LYHUSRRO/LYHUSRRO6FLHQFH3DUN,&%URZQORZ+LOO/LYHUSRRO/5)8.
7HO
(PDLOMSVWHZDUW#OLYHUSRRODFXN-36

7KHVHDXWKRUVFRQWULEXWHGHTXDOO\WRWKLVPDQXVFULSW
	&'%DQG-36DUH-RLQW6HQLRU$XWKRUV

7KHDXWKRUVGHFODUHWKDWWKHUHDUHQRFRQIOLFWVRILQWHUHVW



$EVWUDFW
7KH DLUZD\ HSLWKHOLXP VHFUHWHV SURWHLQV WKDW IXQFWLRQ LQ LQQDWH GHIHQVH DJDLQVW
LQIHFWLRQ %3, IROGFRQWDLQLQJ IDPLO\ PHPEHU $ %3,)$ LV VHFUHWHG LQWR DLUZD\V
DQGKDVDSURWHFWLYH UROHGXULQJEDFWHULDO LQIHFWLRQV EXW LW LV QRW NQRZQZKHWKHU LW
DOVRKDVDQDQWLYLUDO UROH7RGHWHUPLQHD UROH LQKRVWGHIHQVHDJDLQVW LQIOXHQ]D$
YLUXV ,$9 LQIHFWLRQ DQG WR ILQG WKH XQGHUO\LQJ GHIHQVH PHFKDQLVP ZH GHYHORSHG
WUDQVJHQLF PRXVH PRGHOV WKDW DUH GHILFLHQW LQ %3,)$ DQG XVHG WKHVH LQ
FRPELQDWLRQ ZLWK in vitro ' PRXVH WUDFKHDO HSLWKHOLDO FHOO P7(& FXOWXUHV WR
LQYHVWLJDWH LWV DQWLYLUDO SURSHUWLHV :H VKRZ WKDW %3,)$ KDV D VLJQLILFDQW UROH LQ
PXFRVDOGHIHQVHDJDLQVW,$9LQIHFWLRQ%3,)$VHFUHWLRQZDVKLJKO\PRGXODWHGDIWHU
,$9LQIHFWLRQ0LFHGHILFLHQWLQ%3,)$ORVWPRUHZHLJKWDIWHULQIHFWLRQVXSSRUWHGD
KLJKHUYLUDO ORDGDQGYLUXVUHDFKHGWKHSHULSKHUDO OXQJHDUOLHU LQGLFDWLYHRIDGHIHFW
LQ WKH FRQWURO RI LQIHFWLRQ )XUWKHU DQDO\VLV XVLQJ P7(& FXOWXUHV VKRZHG WKDW
%3,)$GHILFLHQW FHOOV ERXQG PRUH YLUXV SDUWLFOHV GLVSOD\HG LQFUHDVHG QXFOHDU
LPSRUW RI ,$9 ULERQXFOHRSURWHLQ FRPSOH[HV DQG VXSSRUWHG KLJKHU OHYHOV RI YLUDO
UHSOLFDWLRQ 2XU UHVXOWV LGHQWLI\ D FULWLFDO UROH IRU %3,)$ LQ WKH LQLWLDO SKDVH RI
LQIHFWLRQE\LQKLELWLQJWKHELQGLQJDQGHQWU\RI,$9LQWRDLUZD\HSLWKHOLDOFHOOV






,QWURGXFWLRQ
7KH DLUZD\ HSLWKHOLXP KDV D IXQGDPHQWDO UROH LQ WKH LQLWLDO GHIHQVH DJDLQVW
SDWKRJHQV DQG DV VXFK VHFUHWHV D QXPEHU RI SURWHLQVSHSWLGHV WKDW IXQFWLRQ LQ
LQQDWHGHIHQVH%DFWHULFLGDOSHUPHDELOLW\LQFUHDVLQJ%3,IROGFRQWDLQLQJIDPLO\$
%3,)$ DOVR FDOOHG 63/81& LV D JO\FRSURWHLQ WKDW LV KLJKO\ H[SUHVVHG LQ WKH
UHVSLUDWRU\ HSLWKHOLXP DQG VXEPXFRVDO JODQGV RI WKH XSSHU DLUZD\V LQ PLFH DQG
KXPDQV   7KH PRXVH DQG KXPDQ %3,)$ VHTXHQFHV DUH KRPRORJRXV   
3UHYLRXV VWXGLHV KDYH GHPRQVWUDWHG WKDW %3,)$ DFWV DV D VXUIDFWDQW  FDQ
UHJXODWH WKH DPLORULGHVHQVLWLYH HSLWKHOLDO VRGLXP FKDQQHO (1D&  DQG DIIHFWV
PXFRFLOLDU\FOHDUDQFHLQWKHXSSHUDLUZD\V,WKDVDOVREHHQVKRZQWRKDYHDQWL
EDFWHULDO UROHV )RU H[DPSOH Bpifa1 H[SUHVVLRQ LV LQGXFHG DIWHU Mycoplasma 
LQIHFWLRQHQKDQFLQJ ,/SURGXFWLRQDQGEDFWHULDOFOHDUDQFH %3,)$DOVRKDVD
UROHLQGHIHQVHDJDLQVWKlebsiella pneumoniaeSRVVLEO\DFWLQJWKURXJKPRGXODWLRQ
RI PDFURSKDJH IXQFWLRQ   /HVV LV NQRZQ DERXW DQ\ DQWLYLUDO UROH RI %3,)$
DOWKRXJKRXUSUHYLRXVZRUNKDVVKRZQPRGXODWLRQRI%3,)$OHYHOVDIWHUPXULQHȖ
KHUSHVYLUXVLQIHFWLRQ
,QIOXHQ]D $ YLUXV ,$9 LV DQ HQYHORSHG 51$ YLUXV RI WKH 2UWKRP\[RYLUXV
JHQXV 6HDVRQDO LQIOXHQ]D LV D PDMRU FDXVH RI UHVSLUDWRU\ LQIHFWLRQ UHVXOWLQJ LQ
VXEVWDQWLDO PRUELGLW\ PRUWDOLW\ DQG WKXV HFRQRPLF EXUGHQ ZRUOGZLGH  3DQGHPLF
LQIOXHQ]DVWUDLQVHPHUJHVSRUDGLFDOO\DVDUHVXOWRIJHQHWLFUHDVVRUWPHQWDQGDUHD
VXEVWDQWLDO JOREDO KHDOWK FRQFHUQ  7KHUH DUH YDFFLQHV DQG DQWLYLUDO GUXJV WR
FRPEDW LQIOXHQ]D +RZHYHU GXH WR UDSLG YLUXV HYROXWLRQ YDFFLQHV QHHG WR EH UH
IRUPXODWHGDQGUHDGPLQLVWHUHGPRVW\HDUVDQGUHVLVWDQFHDJDLQVWDQWLYLUDOGUXJV
LV HPHUJLQJ  ,W LV WKHUHIRUH LPSRUWDQW WR XQGHUVWDQG KRZ LQWULQVLF DQG LQQDWH


PHFKDQLVPV PRGXODWH LQIOXHQ]D YLUXV LQIHFWLRQ DQG KRZ WKHVH PD\ EH XVHG WR
GHYHORSQRYHOWKHUDSHXWLFLQWHUYHQWLRQV
7KH QHJDWLYHVHQVH VLQJOHVWUDQGHG JHQRPH RI ,$9 FRPSULVHV HLJKW
VHJPHQWV RI YLUDO 51$ ZKLFK DUH VHSDUDWHO\ HQFDSVLGDWHG LQWR ULERQXFOHRSURWHLQ
SDUWLFOHV513V,QIHFWLRQDQGHQWU\RI,$9LQWRFHOOVLQYROYHVYLUDODWWDFKPHQWYLD
WKHKHPDJJOXWLQLQ+$JO\FRSURWHLQWKDWLVHPEHGGHGLQWKHYLULRQPHPEUDQHWRFHOO
VXUIDFH UHFHSWRUV WKDWFRQWDLQVLDOLFDFLG  $IWHUELQGLQJYLUXVSDUWLFOHVHQWHU WKH
FHOO E\ UHFHSWRUPHGLDWHG HQGRF\WRVLV  )XVLRQ RI WKH YLUXV PHPEUDQH ZLWK WKH
HQGRVRPDOPHPEUDQHUHVXOWVLQUHOHDVHRI513VLQWRWKHF\WRSODVPZKLFKDUH
WKHQLPSRUWHGLQWRWKHQXFOHXVZKHUHJHQRPHUHSOLFDWLRQDQGWUDQVFULSWLRQRIYLUDO
JHQHVWDNHSODFH8QGHUVWDQGLQJWKHHQWU\SURFHVVDQGKRZWKHKRVWFRXQWHUVLWLV
FULWLFDOWRXQFRYHULQJLQKLELWRUVZLWKWKHUDSHXWLFSRWHQWLDO
,Q WKLV VWXG\ZHXVHG WUDQVJHQLFPRXVHPRGHOV FRPELQHGZLWK in vitro '
FXOWXUHV\VWHPVWRVKRZWKDW%3,)$KDVDUROHLQWKHLQWULQVLFGHIHQVHDJDLQVW,$9
LQIHFWLRQ

5HVXOWV
%3,)$H[SUHVVLRQDIWHU,$9LQIHFWLRQ
7RGHWHUPLQHFKDQJHVLQ%3,)$OHYHOVIROORZLQJ,$9LQIHFWLRQ&%/-PLFHZHUH
LQIHFWHGLQWUDQDVDOO\LQZLWKSIX,$9;RUDVFRQWUROVZLWKu.vLQDFWLYDWHG
YLUXVRUPRFNLQIHFWHGDQGDQDO\]HGDWWLPHSRLQWVSRVWLQIHFWLRQSL,$9;LV
DPRXVHDGDSWHG+1VWUDLQWKDWJHQHUDWHVDVXEOHWKDOLQIHFWLRQ,WWKXVPRGHOV
PRVWRIWKH,$9DVVRFLDWHGGLVHDVHLQKXPDQVDQGDOVRDOORZVIRUDQDO\VLVRYHUDQ
H[WHQGHGWLPHFRXUVH


)LUVWO\ OHYHOV RI %3,)$ LQ EURQFKRDOYHRODU ODYDJH %$/ ZHUH DFFXUDWHO\
TXDQWLILHGXVLQJ:HV3URWHLQ6LPSOH7KHUHVXOWV)LJVKRZHG%3,)$OHYHOV
GHFUHDVHG GUDPDWLFDOO\ DIWHU LQIHFWLRQ IROG WR D QDGLU DW GD\  SL EHIRUH
UHWXUQLQJ WRD OHYHO WKDWZDVQRWVLJQLILFDQWO\GLIIHUHQW WRXQLQIHFWHGPLFHE\GD\
SLu.v.LQDFWLYDWHGYLUXVGLGQRWDIIHFWWKHOHYHOVRI%3,)$DVPHDVXUHGDWGD\SL
1H[W WKH SDWWHUQ DQG TXDQWLW\ RI %3,)$ VWDLQLQJ ZDV GHWHUPLQHG E\
LPPXQRKLVWRORJ\ ,+  ,Q PRFNLQIHFWHG PLFH %3,)$ ZDV DEXQGDQW LQ WKH
HSLWKHOLXP RI WKH WUDFKHD DQG EURQFKL )LJ $ % DUURZV EXW SUHVHQW RQO\ ZLWKLQ
VFDWWHUHG FHOOV LQ WKH EURQFKLROHV )LJ & DUURZV DQG DEVHQW LQ WKH VXUURXQGLQJ
DOYHROL)LJ&)ROORZLQJLQIHFWLRQZLWK,$9DVXEVWDQWLDOGHFUHDVHLQWKHQXPEHU
RI %3,)$SRVLWLYH FHOOV ZDV REVHUYHG DQG FRQILUPHG E\ WKH TXDQWLWDWLYH DQDO\VLV
WKDWVKRZHGD±IROG pGHFUHDVH LQ WKHSHUFHQWDJHDUHDVWDLQHG LQ WKH
WUDFKHDDQGEURQFKLUHVSHFWLYHO\WRGD\SLDWWKLVSRLQWWKHUHZHUHIRFLRIHURVLRQ
ZLWKUHGXFHGFHOOKHLJKW ORVVRIFLOLD ORVVRIFHOOXODUSRODULW\DQGRFFDVLRQDO ORVVRI
HSLWKHOLDOFHOOV5HFRYHU\RIOHYHOVRI%3,)$DQGHYLGHQFHRIHSLWKHOLDOUHJHQHUDWLRQ
ZLWKIRFLRIPXOWLOD\HUHGHSLWKHOLXPDQGPLWRVHVZDVVHHQE\GD\SL)LJ$%
7KH LQWHQVLW\ RI %3,)$ VWDLQLQJ LQ WKH SRVLWLYH DUHDV LH LQ LQGLYLGXDO HSLWKHOLDO
FHOOVGLGQRWGHFUHDVHVLJQLILFDQWO\LQWKHWUDFKHDEXWLQWKHEURQFKLDVLPLODUSDWWHUQ
WR WKDW RI DUHD VWDLQHG ZDV QRWHG ZLWK DQ LQLWLDO GHFUHDVH IROORZHG E\ D JUDGXDO
UHFRYHU\  ,Q FRQWUDVW LQ EURQFKLROHV WKH LQWHQVLW\ RI VWDLQLQJ LQ HSLWKHOLDO FHOOV
LQFUHDVHG ILYHIROG WRGD\SLZKLOVW WKHQXPEHURISRVLWLYHFHOOV DUHDVWDLQHG
LQFUHDVHGWKUHHIROGE\GD\SL)LJ&



0LFHGHILFLHQWLQ%3,)$VXSSRUWKLJKHUOHYHOVRI,$9UHSOLFDWLRQ
7R GHWHUPLQH WKH UROH RI %3,)$ LQ GHIHQVH DJDLQVW ,$9 %3,)$GHILFLHQW PLFH
Bpifa1-/- ZHUH JHQHUDWHG DV GHVFULEHG LQ VXSSOHPHQWDU\ GDWD DQG 6 )LJ $
Bpifa1-/-PLFHH[SUHVVHGQRGHWHFWDEOH%3,)$SURWHLQLQWKHOXQJV6)LJ%EXW
GLG QRW H[KLELW DQ\ PRUSKRORJLFDO FKDQJHV RU DOWHUHG GLVWULEXWLRQ RI FHOO W\SHV LQ
DLUZD\VDQGDOYHROL6)LJ&GHVFULEHGLQVXSSOHPHQWDU\GDWD
&%/- DQG Bpifa1-/- PLFH ZHUH LQIHFWHG LQ ZLWK  SIX ,$9 ; 7KH
ZHLJKWRIWKHPLFHDQGOXQJYLUXVWLWHUVZHUHGHWHUPLQHGRYHUDGD\SHULRG7KH
UHVXOWV )LJ $ % VKRZHG WKDWwt PLFH ZHUH UHDGLO\ LQIHFWHG ZLWK ,$9 7KH\ ORVW
ZHLJKWPD[GD\SLEHIRUHUHFRYHULQJ7LWHUVRI,$9LQFUHDVHGLQWKHOXQJV
SHDNLQJDWSIXJWLVVXHRQGD\SL,QIHFWLRQLQBpifa1-/-PLFHIROORZHGDVLPLODU
FRXUVH:HLJKWORVVZDVVLJQLILFDQWO\JUHDWHUpLQBpifa1-/-PLFHDWGD\
SL,QDGGLWLRQ,$9WLWHUVZHUHVLJQLILFDQWO\pDQGDWOHDVWORJKLJKHUDW
DOOWLPHSRLQWV9LUXVZDVQRWGHWHFWDEOHLQHLWKHUJURXSDWGD\VDQGSL
7RFRQWUROIRUSRWHQWLDOGHYHORSPHQWDODGDSWDWLRQLQWKHNQRFNRXWPLFHDFOXE
FHOOVSHFLILFWDPR[LIHQWP[LQGXFLEOHFRQGLWLRQDONQRFNRXWPRXVHVWUDLQBpifa1loxP 
Scgb1a1-CreERTMZDVJHQHUDWHGDVGHVFULEHGLQWKH6WH[W:HVWHUQEORWDQDO\VLV
RI OXQJ WLVVXH FRQILUPHG D IROG NQRFNGRZQ LQ WKH OHYHO RI %3,)$ LQ Bpifa1loxP 
Scgb1a1-CreERTMPLFHDIWHUWP[WUHDWPHQWDVFRPSDUHGZLWKPLFHWKDWZHUHWUHDWHG
ZLWKFDUULHU)LJ&
Bpifa1loxP Scgb1a1-CreERTMPLFHZHUHWUHDWHGZLWKHLWKHUFDUULHUYHJHWDEOH
RLORUWP[DQGDORQJZLWKXQWUHDWHGBpifa1loxP Scgb1a1-CreERTMDQGBpifa1-/-PLFH
ZHUH LQIHFWHG LQ ZLWK ,$9 9LUXV WLWHUV LQ WKH OXQJV ZHUH GHWHUPLQHG DW GD\  SL
7KHUHVXOWV)LJ'VKRZHGWKDWWLWHUVRILQIHFWLRXVYLUXVZHUHVLJQLILFDQWO\ORZHULQ
XQWUHDWHG RU FDUULHUWUHDWHG PLFH WKDQ LQ WP[-WUHDWHG Bpifa1loxP Scgb1a1-CreERTM


PLFH RU Bpifa1-/- PLFH 7KXV UHGXFWLRQ RI %3,)$ H[SUHVVLRQ XVLQJ HLWKHU WRWDO RU
FRQGLWLRQDONQRFNRXWRI%3,)$HQDEOHG,$9WREHPRUHSDWKRJHQLFDQGUHSOLFDWHWR
KLJKHUWLWHUVLQWKHOXQJVRILQIHFWHGPLFH

%3,)$OLPLWVWKHLQLWLDOVSUHDGRI,$9in vivo
7R DVVHVV ZKHWKHU %3,)$ LQIOXHQFHG WKH GLVWULEXWLRQ RI ,$9 LQIHFWLRQ &%/-
DQGBpifa1-/- PLFHZHUHLQIHFWHGDQG,$9LQIHFWHGFHOOVLGHQWLILHGE\,+$WGD\SL
,$9 DQWLJHQ ZDV VHHQ ZLWKLQ DQG DGMDFHQW WR IRFL RI QHFURWLF UHVSLUDWRU\ HSLWKHOLDO
FHOOV LQ WKHQDVDO FDYLW\ WUDFKHDEURQFKLDQGSUR[LPDOEURQFKLROHVRI ERWKwt DQG
Bpifa1-/- PLFH 6 )LJ DUURZV  +RZHYHU LQ Bpifa1-/- PLFH HSLWKHOLDO FHOOV LQ WKH
GLVWDOEURQFKLROHVZHUHIRXQGWREHLQIHFWHGDQGPDFURSKDJHVLQDOYHROLDURXQGWKH
LQIHFWHG EURQFKLROHV ZHUH SRVLWLYH IRU ,$9 )LJ  DUURZV DQG UHG DUURZKHDGV
UHVSHFWLYHO\  ,Q FRQWUDVW ,$9DQWLJHQZDVQRW REVHUYHG LQ GLVWDO EURQFKLROHVDQG
DOYHROLRIwtPLFH$WVXEVHTXHQWGD\VSRVWLQIHFWLRQWKHUHZHUHQRGLIIHUHQFHVLQWKH
GLVWULEXWLRQRI,$9DQWLJHQEHWZHHQwtDQGBpifa1-/-PLFH
7KXVLQWKHDEVHQFHRI%3,)$,$9LQIHFWLRQUHDFKHGWKHGLVWDODLUZD\VDQG
DOYHROLHDUOLHUGXULQJLQIHFWLRQ

%3,)$UHVWULFWV,$9LQIHFWLRQLQQRUPDOHSLWKHOLDOFHOOV
*LYHQ WKHGLIIHUHQFHV LQYLUDO WLWHUDVHDUO\DVGD\SLZHK\SRWKHVL]HG WKDWRQH
IXQFWLRQRI%3,)$FRXOGEH WR LQIOXHQFHGLUHFWO\ WKH LQIHFWLRQRIHSLWKHOLDOFHOOV7R
LQYHVWLJDWHWKLVWUDFKHDOFHOOFXOWXUHVZHUHHVWDEOLVKHGIURPPLFHDQGFXOWXUHGDWWKH
DLUOLTXLG LQWHUIDFH WR JHQHUDWH ZHOOGLIIHUHQWLDWHG FXOWXUHV P7(&   7KH
YDOLGDWLRQRIWKHVHFXOWXUHVIURPwt PLFHLVSUHVHQWHGLQVXSSOHPHQWDU\GDWDDQG6
)LJ'LIIHUHQWLDWHGP7(&$/,FXOWXUHVGLVSOD\HGSKHQRW\SLFIHDWXUHVDVVRFLDWHGZLWK


FRPSOH[ SRSXODWLRQV RI FHOOV LQFOXGLQJ FLOLDWHG FHOOV ȕWXEXOLQ )R[- %3,)$
PXFLQ 08&% DQG 6&*%$ &&63H[SUHVVLQJ FHOOV WKDW PDWFKHG ZLWK WKH
IHDWXUHVRIWKHQDWLYHURGHQWDLUZD\HSLWKHOLXP7KHFXOWXUHVIURPBpifa1-/- PLFHKDG
VLPLODU OHYHOV RI FLOLRJHQHVLV ȕWXEXOLQ VWDLQLQJ DQG PXFLQ 08&% VWDLQLQJ WR
WKRVHIURPwtFRXQWHUSDUWV6)LJ4XDQWLILFDWLRQRIȕWXEXOLQVWDLQLQJVKRZHGWKDW
DSSUR[RIFHOOVZHUHFLOLDWHG LQERWK W\SHVRIFXOWXUHV ,Qwt FXOWXUHVRI
FHOOV ZHUH %3,)$ SRVLWLYH DQG ZHUH QRQFLOLDWHG 7KXV P7(& $/, FXOWXUHV DUH
KLJKO\ UHSUHVHQWDWLYH RI PRXVH DLUZD\ HSLWKHOLXP DQG DQ LGHDO PRGHO WR VWXG\ WKH
UROHRI%3,)$GXULQJLQIHFWLRQ
P7(& $/, FXOWXUHV IURP wt DQG Bpifa1-/- PLFH ZHUH LQIHFWHG ZLWK ,$9 
SIXFHOODQG LQIHFWLRQDQDO\]HGE\ LPPXQRIOXRUHVFHQFH,) ,QwtP7(&$/,FHOOV
,$9 DQWLJHQ ZDV REVHUYHG SUHGRPLQDQWO\ LQ HSLWKHOLDO FHOOV WKDW GLG QRW H[SUHVV
%3,)$ DW ERWK  DQG  K SL )LJ % & $Q LQFUHDVHG QXPEHU RI FHOOV
FRQWDLQLQJ ,$9 13 DQWLJHQ ZDV VHHQ LQ Bpifa1-/- P7(& $/, FXOWXUHV DV FRPSDUHG
ZLWKwt FHOOVDWERWK WLPHSRLQWV )LJ()4XDQWLILFDWLRQ UHYHDOHGD!IROGDQG
QHDUO\IROGKLJKHULQWUDFHOOXODU,$913ORDGLQBpifa1-/- WKDQLQwtP7(&FXOWXUHVDW
KSLDQGKSLUHVSHFWLYHO\)LJ*p7KHUHZDVDOVRDVLJQLILFDQW
LQFUHDVH LQ LQIHFWLRXV ,$9 WLWHU LQDSLFDOZDVK IOXLG IURPBpifa1-/- FRPSDUHGZLWKwt
FHOOV)LJ+7KXV%3,)$LQKLELWVWKHLQIHFWLRQRIQRUPDOP7(&$/,FHOOVE\,$9
DWDVWDJHXSWRRUEHIRUHHDUO\YLUDOJHQHH[SUHVVLRQ

%3,)$OLPLWVWKHLPSRUWRI,$9LQWRHSLWKHOLDOFHOOV
,PSRUW RI YLUXV ULERQXFOHRSURWHLQ Y513 FRPSOH[HV LQWR WKH QXFOHXV LV RQH RI WKH
LQLWLDOVWHSVRI WKH,$9UHSOLFDWLRQF\FOH 7R LQYHVWLJDWHZKHWKHU%3,)$ LQIOXHQFHV
WKHHDUO\VWDJHVRI,$9LQIHFWLRQGD\P7(&$/,FXOWXUHVZHUHLQIHFWHGZLWK,$9


,PSRUW RI 513 FRPSOH[HV LQWR WKH QXFOHXV ZDV WKHQ DVVHVVHG E\
LPPXQRIOXRUHVFHQFH DQDO\VLV XVLQJ DQWL,$9 13 %ORFNLQJ SURWHLQ V\QWKHVLV ZLWK
F\FORKH[LPLGH&+;ZDVSHUIRUPHGWRGLVWLQJXLVKLPSRUWHG513VIURPde novo13
SURGXFWLRQ7KHDPRXQWRISXULILHGYLUXVXVHGZDVVXIILFLHQWHQDEOHGHWHFWLRQRI513
LPSRUW LQRIFHOOV LQDQHTXLYDOHQWDVVD\SHUIRUPHGRQ0'&.FHOOV GDWDQRW
VKRZQ7KH UHVXOWV )LJ$%VKRZHG WKDW LQ WKHDEVHQFHRI&+; ,$913ZDV
UHDGLO\REVHUYHGKDIWHULQIHFWLRQLQWKHQXFOHLRIFHOOVIURPwtPLFHEXWDVZLWKWKH
SUHYLRXVH[SHULPHQWZDVSUHVHQWLQ[PRUHQXFOHLLQFHOOVIURPBpifa1-/-PLFH,Q
WKHSUHVHQFHRI&+;513FRPSOH[HVZHUHREVHUYHGLQWKHQXFOHLRIRIwtFHOOV
EXWLQDVLJQLILFDQWO\pKLJKHUSURSRUWLRQ[RIQXFOHLLQBpifa1-/-FHOOV)LJ
$ULJKWSDQHOV%&7KXV%3,)$DSSUHFLDEO\GHFUHDVHGWKHQXPEHURIFHOOVZLWK
YLVLEOH DFFXPXODWLRQ RI ,$9 513V DIWHU LQIHFWLRQ LQGLFDWLQJ WKDW LW DFWV DW DQ HDUO\
VWDJHRIWKHYLUDOOLIHF\FOH

%3,)$LQKLELWV,$9ELQGLQJWRUHVSLUDWRU\HSLWKHOLDOFHOOV
7R GHWHUPLQH LI %3,)$ DIIHFWHG YLUXV ELQGLQJ P7(& $/, FXOWXUHV GHULYHG IURP
Bpifa1-/- DQG wt PLFH ZHUH LQFXEDWHG ZLWK $OH[D )OXRU ODEHOOHG ,$9 ,$9
DQGERXQGYLUXVZDVDVVHVVHGE\FRQIRFDOPLFURVFRS\7KHDPRXQWRIODEHOOHGYLUXV
XVHGZDVVXIILFLHQW WRHQDEOHGHWHFWLRQRIELQGLQJ LQRIFHOOV LQDQHTXLYDOHQW
DVVD\ SHUIRUPHG RQ 0'&. FHOOV GDWD QRW VKRZQ wt FHOOV VKRZHG ,$9 ELQGLQJ
SUHGRPLQDQWO\ WR WKHVXUIDFHRI)R[MSRVLWLYH FLOLDWHGFHOOV WKDWZHUHQHJDWLYH IRU
%3,)$)LJ$7KH%3,)$SRVLWLYHVXESRSXODWLRQRIFHOOVQRQFLOLDWHG6)LJ
$&SUHVHQWHGDVIRFDOFOXVWHUVLQP7(&$/,FXOWXUHVRXWOLQHGLQ\HOORZDQGZHUH
SUHGRPLQDQWO\ IUHH IURP ,$9ELQGLQJ )LJ $ $QDO\VLV RI WKH GLVWULEXWLRQ RI Į
OLQNHG DQG ĮOLQNHG VLDOLF DFLG UHVLGXHV XVLQJ WKH OHFWLQV 0$$ DQG 61$


UHVSHFWLYHO\VKRZHGWKDWWKHUHZHUHQXPHURXVFHOOVZLWKĮOLQNHGUHVLGXHVRQWKH
FHOOVXUIDFHLQERWKwtDQGBpifa1-/-FXOWXUHVPHDQn DQGUHVSHFWLYHO\
DQG WKDW WKHVH ZHUH RQ WKH %3,)$QHJDWLYH FHOOV 6 )LJ $ 7KH IHZ Į
SRVLWLYH FHOOV SUHVHQW LQ WKH wt DQG Bpifa1-/- FXOWXUHV PHDQ n     DQG 
UHVSHFWLYHO\ZHUHPRVWO\%3,)$SRVLWLYH6)LJ%(4XDQWLILFDWLRQRIERXQG
,$9VKRZHGWKDWWKHLQWHJUDWHGIOXRUHVFHQFHLQWHQVLW\IURPBpifa1-/- FHOOVZDV
IROGJUHDWHUWKDQWKDWIURPwtFHOOV)LJ%&7KXVRXUGDWDVKRZWKDW,$9ERXQG
SUHGRPLQDQWO\ WR FLOLDWHG FHOOV WKDW ZHUH %3,)$QHJDWLYH ĮOLQNHG VLDOLF DFLG
SRVLWLYH DQG WKDW WKH SUHVHQFH RI %3,)$ GHFUHDVHG WKH ELQGLQJ RI ,$9 WR WKHVH
FHOOV




'LVFXVVLRQ
%3,)$LVFRQVWLWXWLYHO\H[SUHVVHGDQGVHFUHWHGE\WKHDLUZD\HSLWKHOLXP
 LQFOXGLQJ WKHVXEPXFRVDOJODQGV+RZHYHU LWVSUHFLVHELRORJLFDO
IXQFWLRQVUHPDLQHOXVLYH2XUVWXGLHVKDYHXQFRYHUHGDQLPSRUWDQWUROHIRU%3,)$
LQ WKH KRVW GHIHQVH DJDLQVW ,$9 LQIHFWLRQ %3,)$ OHYHOV ZHUH PRGXODWHG DIWHU
LQIHFWLRQDQGJHQHWLFNQRFNRXWRI%3,)$OHGWRDKLJKHUYLUDOWLWHUERWKin vivoDQGLQ
P7(&$/,FXOWXUHV7KHUHZDVDOVRJUHDWHUQXFOHDULPSRUWRIYLUXV513FRPSOH[HV
DQGELQGLQJRIYLUXVWRFHOOVLQP7(&FXOWXUHVODFNLQJ%3,)$
%3,)$ KDV SUHYLRXVO\ EHHQ VKRZQ WR KDYH D GHIHQVLYH UROH LQ M. 
pneumoniae DQG K. pneumoniae LQIHFWLRQ HQKDQFLQJ EDFWHULDO FOHDUDQFH DQG
LQKLELWLQJELRILOP IRUPDWLRQ +HUHZHVKRZ IRU WKH ILUVW WLPH WKDW%3,)$DOVR
KDV D PDMRU UROH LQ WKH GHIHQVH DJDLQVW ,$9 1RWDEO\ KLJKHU ZHLJKW ORVV ZDV
REVHUYHGDQGKLJKHUYLUDOWLWHUV!ORJZHUHUHFRYHUHGIURPWKHOXQJVRIBpifa1-/-
PLFH DV FRPSDUHG WR wt FRQWUROV $ PRUH UDSLG VSUHDG RI ,$9 WR WKH OXQJ
SDUHQFK\PDZDVDOVRVHHQLQ Bpifa1-/-PLFH6SHFLILFDOO\,$9DQWLJHQZDVREVHUYHG
LQ WKHEURQFKLRODU HSLWKHOLXPDQGDOYHROL RIBpifa1-/- EXW QRW RIwtPLFHDW KSL
LQGLFDWLQJDSRVVLEOHUROHIRU%3,)$ERWKLQLQWULQVLFRULQQDWHGHIHQVHGXULQJHDUO\
LQIHFWLRQDQGLQWKHDGDSWLYHLPPXQHUHVSRQVHWR,$97KHKLJKHUYLUDOWLWHUVLQOXQJV
DIWHU FRQGLWLRQDO NQRFNGRZQ RI %3,)$ LQ Scgb1a1H[SUHVVLQJ FOXE FHOOV LQGLFDWHV
WKDW WKH REVHUYDWLRQV VHHQ LQ WKH Bpifa1-/- PLFH DUH QRW GXH WR GHYHORSPHQWDO
DGDSWDWLRQVWRWKHWRWDOORVVRI%3,)$H[SUHVVLRQ
 7R LQYHVWLJDWH LQWULQVLF IXQFWLRQV RI %3,)$ LQ WKH DLUZD\ HSLWKHOLXP ZH
FXOWXUHGP7(&FHOOVIURPwtDQGBpifa1-/-PLFH$OWKRXJKZHGLGQRWIRUPDOO\UHVFXH
WKH Bpifa1-/- FHOOV XVLQJ H[RJHQRXV SURWHLQ ZH FRQWUROOHG IRU GLIIHUHQFHV EHWZHHQ


FXOWXUHV E\ SHUIRUPLQJ H[WHQVLYH SKHQRW\SLF FKDUDFWHUL]DWLRQ 7KXV DSSUR[LPDWHO\
RIWKHFHOOVLQwtP7(&KDGĮOLQNHGVLDOLFDFLG6$UHVLGXHVRQWKHVXUIDFH
7KHVHFHOOVZHUH%3,)$QHJDWLYH$VLPLODUSURSRUWLRQRIFHOOVZHUHĮ6$
SRVLWLYHLQWKHBpifa1-/-FXOWXUHV9HU\IHZFHOOVRQwt DQGBpifa1-/-FXOWXUHVZHUHĮ
6$SRVLWLYH  DQG  UHVSHFWLYHO\ 0RXVHDGDSWHG ,$9 VWUDLQV VXFK DV WKRVH
XVHGLQWKLVVWXG\;DQG35ZLOOXVHERWKĮDQGĮOLQNHGDQGVLDOLFDFLG
UHVLGXHV DV D UHFHSWRU   7KH VLPLODU SURSRUWLRQV RI FHOOV ZLWK Į DQG Į
OLQNHG DQG VLDOLF DFLG UHVLGXHV EHWZHHQ wt DQG Bpifa1-/- FXOWXUHV LQGLFDWHV WKDW
GLIIHUHQFHVLQLQIHFWLRQDQGELQGLQJEHWZHHQwtDQGBpifa1-/-DUHGXHWRWKHDEVHQFH
RU SUHVHQFH RI %3,)$ DQG QRW GLIIHUHQFHV LQ WKH QXPEHU RI FHOOV H[SUHVVLQJ
UHFHSWRUV,QIHFWLRQRIP7(&FXOWXUHVZLWK,$9SDUDOOHOHGRXUREVHUYDWLRQVin vivoLQ
WKDW WKHUH ZDV D VLJQLILFDQWO\ PRUH UDSLG VSUHDG DQG KLJKHU YLUDO WLWHUV LQ FXOWXUHV
ODFNLQJ%3,)$ ,Q OLQHZLWK WKHGLVWULEXWLRQRIĮOLQNHGVLDOLFDFLGUHFHSWRUV ,$9
KDGDSUHIHUHQFHIRULQIHFWLQJWKH%3,)$QHJDWLYHSRSXODWLRQ7KLVFRQILUPVDUROH
IRU%3,)$ LQ WKH LQWULQVLFGHIHQVHDJDLQVW ,$9DW WKHDLUZD\HSLWKHOLXPGXULQJ WKH
ILUVW IHZGD\VRI LQIHFWLRQDQGVKRZV WKDW WKHVHFUHWHGSURWHLQH[HUWV LWVHIIHFWVRQ
WKHHSLWKHOLDOFHOOVXUIDFHUDWKHUWKDQVROHO\LQWKHFHOOVWKDWSURGXFHLW
)XUWKHUDQDO\VLVUHYHDOHGDPXFKJUHDWHULPSRUWRI,$9513VLQWRWKHQXFOHL
RIFHOOVDQGVLJQLILFDQWO\LQFUHDVHGYLUXVELQGLQJLQWKHBpifa1-/- FXOWXUHV7KHIDFWWKDW
RQO\DSHUFHQWDJHRIFHOOVZHUHLQIHFWHGLQWKHVHDVVD\VUHIOHFWVLQSDUWWKHFRPSOH[
QDWXUHRIP7(&$/, FXOWXUHVDQGZKHUHRQO\DSURSRUWLRQRI WKH FHOOVH[SUHVV WKH
ĮDQGĮ6$UHFHSWRUV7KHJUHDWHUOHYHORILQKLELWLRQLQWKH513LPSRUWDVVD\
FRPSDUHGWRWKHELQGLQJDVVD\VXJJHVWVDQLPSRUWDQWUROHIRU%3,)$LQGHFUHDVLQJ
SRVWELQGLQJHQWU\LQWRFHOOVYLDHQGRVRPHVDVZHOODVLQLWLDOELQGLQJRI,$9WRQRUPDO
FLOLDWHGHSLWKHOLDOFHOOVLQDLUZD\V%3,)$LVVHFUHWHGDQGLVSUHVHQWLQWKHSHULFLOLDU\


OD\HUVRLWLVHDV\WRHQYLVDJHKRZLWPLJKWEHSDUWRIDEDUULHUWR,$9LQIHFWLRQDW
WKH HSLWKHOLDO VXUIDFH :H GLG QRW FKDUDFWHUL]H ZKHWKHU DQG KRZ %3,)$ ELQGV WR
YLUXV SDUWLFOHV +RZHYHU %3,)$ FRXOG HLWKHU IRUP D QRQVSHFLILF EDUULHU WR ,$9
HQJDJLQJ ZLWK FHOOXODU UHFHSWRUV RU ELQG WR ,$9 DQG SUHYHQW UHFHSWRU LQWHUDFWLRQV
*HOIRUPLQJPXFLQVVXFKDV08&$&LQKLELWYLUXVLQIHFWLRQDQG%3,)$KDVEHHQ
VKRZQWRDVVRFLDWHZLWKWKHPXFXVULFKSRUWLRQRIWKHSHULFHOOXODUOLQLQJIOXLG,W
KDVEHHQK\SRWKHVL]HGWKDWLQWKHFDVHRI,$9WKLVLVGXHWRFRPSHWLWLYHLQKLELWLRQIRU
UHFHSWRUVDV08&$&IURPPLFHFRQWDLQVDEXQGDQWĮOLQNHGVLDOLFDFLGUHVLGXHV
7KHJO\FRV\ODWLRQRQ%3,)$FRQWDLQVVLDOLFDFLGUHVLGXHVDQGFRXOGSRWHQWLDOO\
DFWE\ELQGLQJWR,$9SDUWLFOHVYLDVSHFLILFVLDOLFDFLG+$LQWHUDFWLRQV$OWHUQDWLYHO\
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WKHUHIRUHKDVWKHSRWHQWLDOWRELQGWROLSLGVIRXQGLQWKH,$9PHPEUDQHDQGLQWHUIHUH
ZLWK UHFHSWRU ELQGLQJ DQG HQGRVRPDO IXVLRQ )XUWKHU VWXGLHV DUH UHTXLUHG WR
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HSLWKHOLDOFHOOV
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vivoH[WHQG WKHVHREVHUYDWLRQVXVLQJ ,$9 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3$03VDQG
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RI FKLOGUHQ ZLWK ,$9  VXJJHVWV WKDW VRPH PRGXODWLRQ RI WKH SURWHLQ GRHV RFFXU
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DIWHUWKHODVWJDYDJH
9LUXVLQIHFWLRQRIPLFH
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
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SRVLWLYH LPPXQRVWDLQLQJ GLYLGHG E\ WKH WRWDO EURZQ DUHD SOXV EOXH DUHD
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QHJDWLYHVWDLQLQJ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DUHDRI%3,)$SHDN LQUHODWLRQWR WKHVWDQGDUGFXUYHZDVGHWHUPLQHGDQGYLUWXDO
EORWOLNHLPDJHVJHQHUDWHGXVLQJ&RPSDVVVRIWZDUH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:KROH WUDFKHDVZHUHH[FLVHG
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ZHUH ORDGHGSHU ODQH7KHDUHDRI WKH%3,)$
SHDN LQ UHODWLRQ WR WKH VWDQGDUG FXUYH ZDV GHWHUPLQHG XVLQJ &RPSDVV VRIWZDUH
3URWHLQ6LPSOH %DUV UHSUHVHQW PHDQ  6(0 n    6WDWLVWLFDOO\ VLJQLILFDQW
GLIIHUHQFHV 2QHZD\$129$ZLWK7XNH\¶VSRVWKRFDQDO\VLVEHWZHHQJURXSVDUH
UHSUHVHQWHGE\VTXDUHEUDFNHWVDERYHUHSUHVHQWVSUHSUHVHQWVp

)LJXUH  %3,)$ OHYHO LQ DLUZD\ HSLWKHOLD LV PRGXODWHG DIWHU ,$9 LQIHFWLRQ
/XQJV ZHUH GLVVHFWHG IURP &%/- PLFH WKDW ZHUH HLWKHU PRFN RU ,$9LQIHFWHG
LQZLWKSIX,$9;DWPXOWLSOHGD\VSLDVLQGLFDWHG%3,)$ZDVGHWHFWHG
E\ ,+ XVLQJ UDEELW DQWLP%3,)$ YLVXDOL]HG ZLWK '$% DQG FRXQWHUVWDLQHG ZLWK
KHPDWR[\OLQ 7KH SHUFHQWDJH DUHD RI HSLWKHOLXP VWDLQHG OHIW JUDSK SDQHOV DQG
LQWHQVLW\ RI VWDLQLQJ ULJKW JUDSK SDQHOV LQ WKH WUDFKHD $ EURQFKL % DQG
EURQFKLROHV&ZHUHDVVHVVHGE\LPDJHDQDO\VLV'DWDDUHIRUIRXUPLFHSHUJURXS
SUHVHQWHG DV PHDQ  6(0 6WDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV 2QHZD\ $129$
ZLWK7XNH\¶VSRVWKRFDQDO\VLVEHWZHHQJURXSVDUHUHSUHVHQWHGE\VTXDUHEUDFNHWV
DERYH  UHSUHVHQWV S   UHSUHVHQWV p    UHSUHVHQWV p  
0LFURJUDSKVRIUHSUHVHQWDWLYHDUHDVDWHDFKWLPHSRLQWDUHVKRZQEHORZWKHJUDSK
SDQHOV%ODFNDUURZVSRLQWWRH[SUHVVLRQRI%3,)$LQUHVSLUDWRU\HSLWKHOLXP6FDOH
EDUVUHSUHVHQWSDQHO$PSDQHO%PDQGSDQHO&P



)LJXUH  %3,)$ LQIOXHQFHV WKH LQIHFWLRQ RI PLFH E\ ,$9 3DQHOV $ %
&%/-DQGBpifa1PLFHn SHUJURXSZHUHLQIHFWHGLQZLWKSIX,$9;
3DQHO$0LFHZHUHZHLJKHGGDLO\DQGWKHZHLJKWVUHSUHVHQWHGDVDSHUFHQWDJH
RI WKH VWDUWLQJ ZHLJKW 'DWD UHSUHVHQW WKH PHDQ YDOXH  6(0 $VWHULVNV LQGLFDWH
VWDWLVWLFDO GLIIHUHQFH WZRZD\ $129$ ZLWK %RQIHUURQL SRVWWHVW UHSUHVHQWV p 
3DQHO%/XQJWLVVXHVZHUHWDNHQDWPXOWLSOHGD\VSLDVLQGLFDWHGDQGYLUXV
WLWHUGHWHUPLQHGE\SODTXHDVVD\'DWDUHSUHVHQWWKHPHDQYDOXH6(0$VWHULVNV
LQGLFDWHVWDWLVWLFDOGLIIHUHQFHWZRZD\$129$ZLWK%RQIHUURQLSRVWWHVWUHSUHVHQWV
p    UHSUHVHQWV p   3DQHO & %SLIDOR[3 6FJED&UH(570 PLFH
ZHUHWUHDWHGZLWKHLWKHUFDUULHUYHJHWDEOHRLORUFDUULHUSOXV7DPR[LIHQWP[E\RUDO
JDYDJH ILYH WLPHV DV GHVFULEHG LQ PDWHULDOV DQG PHWKRGV /XQJ WLVVXH n    SHU
JURXS ZDV DQDO\]HG E\ ZHVWHUQ EORWWLQJ IRU %3,)$ (TXDO DPRXQWV  ȝJ RI
SURWHLQ DV GHWHUPLQHG E\ %&$ 3LHUFH ZHUH ORDGHG SHU ODQH 7KH PHDQ  6(0
OHYHOVRI%3,)$SURWHLQZHUHPHDVXUHGE\,PDJH-DVLQWHJUDWHGEDQGLQWHQVLW\
UHSUHVHQWVVWDWLVWLFDOVLJQLILFDQFH0DQQ:KLWQH\UWHVWp%3,)$LVFOHDUO\
NQRFNHGGRZQLQWKH7DPR[LIHQWUHDWHGDQLPDOV3DQHO'7DPR[LIHQLQGXFLEOHFOXE
FHOOVSHFLILF%3,)$NQRFNRXWPLFHBpifa1loxP Scgb1a1-CreERTMZHUHGRVHGRQ
FRQVHFXWLYHGD\VE\JDYDJHZLWKPJSHUJUDPERG\ZHLJKWWDPR[LIHQWP[RU
FDUULHU YHJHWDEOH RLO )RXU GD\V DIWHU WKH ODVW JDYDJH WKHVH PLFH DORQJ ZLWK
XQWUHDWHG Bpifa1loxP Scgb1a1-CreERTMDQGBpifa1-/-PLFHn IRUDOOJURXSVZHUH
LQIHFWHG ZLWK ,$9 IRU  GD\V /XQJV ZHUH FROOHFWHG DQG YLUXV WLWHU GHWHUPLQHG E\
SODTXHDVVD\ 'DWDUHSUHVHQW WKHPHDQYDOXH6(0$VWHULVNV LQGLFDWHVWDWLVWLFDO
GLIIHUHQFH2QHZD\$129$ZLWK7XNH\¶VSRVWKRFDQDO\VLVp



)LJXUH  ,$9 VSUHDGV PRUH UDSLGO\ LQ WKH DEVHQFH RI %3,)$ &%/-DQG
Bpifa1PLFHZHUHLQIHFWHGLQZLWKSIX,$9;/XQJWLVVXHVZHUHKDUYHVWHG
DWRQHGD\SL ,$9DQWLJHQZDVGHWHFWHGE\ ,+XVLQJJRDWDQWL,$9YLVXDOL]HGZLWK
'$% DQG FRXQWHUVWDLQHG ZLWK KHPDWR[\OLQ 0LFURJUDSKV RI UHSUHVHQWDWLYH DUHDV
IURP GLVWDO EURQFKLROHV DQG DOYHROL IRXU PLFH DUH VKRZQ /DUJH DUURZV SRVLWLYH
HSLWKHOLDOFHOOV5HGDUURZKHDGVSRVLWLYHPDFURSKDJHV

)LJXUH %3,)$ LQIOXHQFHV WKH LQIHFWLRQ RI QRUPDO P7(& E\ ,$9P7(&$/,
FXOWXUHV ZHUH LQIHFWHG ZLWK ,$9 ;  SIXFHOO 3DQHOV $ ± ) &HOOV ZHUH
SURFHVVHG DQG VWDLQHG ZLWK DQWL,$9 13 JUHHQ DQWLP%3,)$ UHG QXFOHL
FRXQWHUVWDLQHGZLWK'$3,EOXHDQGLPDJHGXVLQJDFRQIRFDOPLFURVFRSH6FDOHEDU
UHSUHVHQWV  P 0LFURJUDSKV VKRZ UHSUHVHQWDWLYH DUHDV IURP &%/- P7(&
FXOWXUHV $ % &DQGBpifa1-/-P7(&FXOWXUHV ' ( )DWDQGKSL *
0HDQ LQWHJUDWHG IORUHVFHQFH LQWHQVLW\ ,$9QXFOHRSURWHLQ LQP7(&$/, VKRZQ IRU 
LQGHSHQGHQWELRORJLFDOUHSOLFDWHV6(0UHSUHVHQWVS2QHZD\$129$
ZLWK7XNH\¶VSRVWKRFDQDO\VLV +7LWHURI ,$9 LQDSLFDOZDVK'DWDSUHVHQWHGDV
PHDQ6(0Q UHSUHVHQWVS2QHZD\$129$ZLWK7XNH\¶VSRVWKRF
DQDO\VLV

)LJXUH%3,)$GHFUHDVHVWKHQXFOHDULPSRUWRI,$9513VLQWRQRUPDOP7(&
P7(&$/,FXOWXUHVIURPwt &%/-RUBpifa1-/- PLFHZHUHLQFXEDWHGZLWKSXULILHG
,$9 $35 LQ WKH SUHVHQFH RU DEVHQFH RI F\FORKH[LPLGH &+; DV LQGLFDWHG
&\FORKH[LPLGH EORFNV SURWHLQ V\QWKHVLV DQG VR LQGLFDWHV WKH LPSRUW RI SUHH[LVWLQJ
,$9513 IURP LQFRPLQJYLUXVSDUWLFOHV$IWHUK LQFXEDWLRQDW&FXOWXUHVZHUH
SURFHVVHG DQG VWDLQHG ZLWK DQWL,$9 13 DQG FRXQWHUVWDLQHG ZLWK '$3, EHIRUH


YLVXDOL]DWLRQ XVLQJ D FRQIRFDO PLFURVFRSH 6FDOH EDU UHSUHVHQWV  ȝP $
5HSUHVHQWDWLYH PLFURJUDSKV IURP FXOWXUHV LQFXEDWHG ZLWK ,$9 LQ WKH DEVHQFH RU
SUHVHQFHRI&+;%PLFURJUDSKV IURPFXOWXUHV LQFXEDWHGZLWK ,$9 LQSUHVHQFHRI
&+; DW D KLJKHU PDJQLILFDWLRQ & 1XFOHL WKDW ZHUH SRVLWLYH IRU ,$9 13 LQ WKH
SUHVHQFH RI F\FORKH[LPLGH ZHUH FRXQWHG DW [ PDJQLILFDWLRQ LQ ILYH ILHOGV RQH
FHQWHU DQG IRXU SHULSKHUDO ILHOGV SHU VDPSOH DQG SUHVHQWHG DV D SHUFHQWDJH RI
SRVLWLYH FHOOV RYHU WRWDO FHOOV FRXQWHG 7KH PHDQ SHUFHQWDJH SRVLWLYH QXFOHL DUH
VKRZQ IRU  LQGHSHQGHQW ELRORJLFDO UHSOLFDWHV  6(0  UHSUHVHQWV VWDWLVWLFDO
VLJQLILFDQFH2QHZD\$129$ZLWK7XNH\¶VSRVWKRFDQDO\VLVp

)LJXUH%3,)$UHVWULFWVELQGLQJRI,$9WRQRUPDOHSLWKHOLDOFHOOVLQP7(&$/,
FXOWXUHVP7(&$/,FXOWXUHVZHUHLQFXEDWHGIRUKZLWK,$9$OH[DIOXRUODEHOHG
SXULILHG,$9$35,$9WKHQIL[HGZLWKIRUPDOLQVWDLQHGZLWKDQWL%3,)$
DQG DQWL)R[- DQWLERGLHV DQG WKHQ LPDJHG XVLQJ D FRQIRFDO PLFURVFRSH $
5HSUHVHQWDWLYHLPDJHVRIWZRGLIIHUHQWILHOGVRIGD\&%/-P7(&$/,FXOWXUH
VKRZLQJ,$9JUHHQSUHIHUHQWLDOO\ELQGLQJWR)R[-SRVLWLYHZKLWHFLOLDWHGFHOOV
EXW QRW %3,)$ UHGSRVLWLYH FHOO SRSXODWLRQV FLUFOHG E\ \HOORZ GRWWHG OLQH %
0LFURJUDSKVKRZLQJ,$9ELQGLQJJUHHQZLWKWKHHSLWKHOLXPRIwt&%/DQG
Bpifa1-/- FXOWXUHV & ,QWHJUDWHG IORUHVFHQFH LQWHQVLW\ RI ,$9YLUXVELQGLQJZLWK
WKH VXUIDFHV RI P7(& FXOWXUH ,PDJHV ZHUH FDSWXUHG IURP DW OHDVW ILYH ILHOGV SHU
VDPSOHE\FRQIRFDOPLFURVFRSHDW[[DQG[PDJQLILFDWLRQ7KHOHYHOVRI,$9
 ELQGLQJ RQ P7(& FHOO VXUIDFHV ZHUH PHDVXUHG E\ ,PDJH - DV LQWHJUDWHG
IOXRUHVFHQFH LQWHQVLW\ 7KH PHDQ IOXRUHVFHQW LQWHQVLW\ LV VKRZQ IRU  LQGHSHQGHQW
ELRORJLFDO UHSOLFDWHV 6(0  UHSUHVHQWVVWDWLVWLFDOVLJQLILFDQFH 0DQQ:KLWQH\U
WHVWp







6XSSOHPHQWDU\'DWD
5HVXOWV
*HQHUDWLRQRIWUDQVJHQLFPLFHGHILFLHQWLQ%3,)$
$QLPDOSURFHGXUHVIRUJHQHUDWLRQRIWKH Bpifa1loxP DQGBpifa1-/- WUDQVJHQLFOLQHVZHUH
DSSURYHGE\WKH,QVWLWXWLRQDO$QLPDO&DUHDQG8VH&RPPLWWHHDW8QLYHUVLW\RI+DZDLL
XQGHUSURWRFROVDQG
$ FRQGLWLRQDO WDUJHWLQJ YHFWRU IRU Bpifa1 XVHG IRU WUDQVIHFWLRQ RI &%/-
PRXVHHPEU\RQLFVWHPFHOOVZDVFRQVWUXFWHGE\,Q*HQLRXV7DUJHWLQJ/DERUDWRU\,QF
5RQNRQNRPD1<7KHWDUJHWHGUHJLRQRQWKHBpifa1JHQHLQFOXGHVH[RQVVHH
6)LJ$
(PEU\RQLF VWHPFHOOVZHUHPLFURLQMHFWHG LQWR%$/%FEODVWRF\VWV5HVXOWLQJ
FKLPHUDVZLWKDKLJKSHUFHQWDJHEODFNFRDWFRORUZHUHPDWHGWRZLOGW\SH&%/-
PLFHWRJHQHUDWH)KHWHUR]\JRXVRIIVSULQJ&RUUHFWO\WDUJHWHG)PLFHFRQWDLQHGD
1HRVHOHFWLRQFDVVHWWHWKUHHOR[3VLWHVDQGWZR)57VLWHV
'HOHWLRQRI WKH1HRFDVVHWWHZDVDFKLHYHGE\EUHHGLQJZLWKDKHWHUR]\JRXV
&%/- EDFNJURXQG )/3 PRXVH -DFNVRQ /DERUDWRULHV -$; VWRFN 
6LQFH WKHVH )/3 PLFH DUH KHWHUR]\JRWHV KRPR]\JRWHV DUH HPEU\RQLF OHWKDO WKH
UHVXOWLQJ ) PRVDLF PLFH ZHUH VFUHHQHG IRU SUHVHQFH RI WKH )/3 WUDQVJHQH DQG
GHOHWLRQ RI WKH 1HR FDVVHWWH $IWHU EUHHGLQJ ZLWK &%/- PLFH WKH UHVXOWLQJ )
JHQHUDWLRQZDVVFUHHQHGIRU)/3WUDQVJHQHDEVHQFHDQGGHOHWLRQRIWKH1HRFDVVHWWH
7KLV PRXVH ZDV EUHG ZLWK DQRWKHU KHWHUR]\JRXV )/3 DQG 1HR ) RIIVSULQJ WR
SURGXFHDKRPR]\JRXVIOR[HG)PRXVHZLWKRXWWKH)/3WUDQVJHQHDQGZLWKRXWWKH
1HRFDVVHWWHBpifa1loxP
7R JHQHUDWH D V\VWHPLF Bpifa1 .2 PRXVH (Bpifa1-/- Bpifa1loxP PLFH ZHUH
PDWHGZLWKDPRXVHFRQWDLQLQJWKH&UHUHFRPELQDVHWUDQVJHQHXQGHUWKHFRQWURORI
K&09 ,( SURPRWHU &09&UH IRUPDOO\ %&7J7J &09&UH&JQ- -$; 6WRFN
1RVHH6)LJ$
Bpifa1loxP DQGBpifa1-/- PLFHZHUHGHSRVLWHGDWWKH05&0DPPDOLDQ*HQHWLFV
8QLW+DUZHOO8.)(6$DQGUHVSHFWLYHO\DQGWKHQWUDQVIHUUHGIURPWKHUH
WRWKH8QLYHUVLW\RI/LYHUSRRO
7RJHQHUDWHDFRQGLWLRQDOFOXEFHOOVSHFLILF.2PRXVHBpifa1loxP Scgb1a1-
CreERTMBpifa1loxPPLFHZHUHPDWHGZLWKScgb1a1-CreERTMScgb1a1tm1(cre/ERT)Blh 
-DFNVRQ/DEVWRFN>@7KHVHPLFHH[SUHVVDWDPR[LIHQLQGXFLEOHIRUPRI
FUHUHFRPELQDVHIURPWKHScgb1a1ORFXVVHFUHWRJORELQ

3KHQRW\SLQJRIBpifa1-/-PLFH
)RXU ZLOG W\SH wt PLFH &%/- DQG IRXU Bpifa1-/- PLFH WZR PDOHV DQG WZR
IHPDOHVRIHDFKDJHG±ZHHNVZHUHH[DPLQHGJURVVO\DQGKLVWRORJLFDOO\ IRU
SKHQRW\SLFDOGLIIHUHQFHVDVDUHVXOWRIODFNRIH[SUHVVLRQRIWKHBpifa1JHQH7KHUH
ZHUHQRGLIIHUHQFHVJURVVO\+LVWRORJLFDOH[DPLQDWLRQRIWKHO\PSKRLGJDVWURLQWHVWLQDO
XULQDU\ FDUGLRYDVFXODU HQGRFULQH UHSURGXFWLYH RUJDQV DQG WKH &16 ZDV
XQUHPDUNDEOH,QDGGLWLRQWRWKHUHVSLUDWRU\WUDFW%3,)$LVH[SUHVVHGLQPLQRUJODQGV
RI WKHQRVHVLQXVHVSRVWHULRU WRQJXHDQGWRQVLO >@ LQVRPHRI WKHVHURPXFRXV
FHOOV RI WKH PDMRU VDOLYDU\ JODQGV DQG LV GHWHFWDEOH LQ VDOLYD ,Q JODQGXODU WLVVXHV
H[DPLQHGVXEPDQGLEXODUSDURWLGDQGVXEOLQJXDOVDOLYDU\JODQGVPLQRUWRQJXHYRQ
(EQHU¶V JODQG =\PEDO¶V JODQG +DUGHULDQ JODQG DQG ODFULPDO JODQG WKH RQO\
GLIIHUHQFH QRWHG ZDV WKDW WKH HRVLQRSKLOLF JUDQXOHV ZLWKLQ WKH HSLWKHOLXP RI WKH
FRQYROXWHGWXEXOHVRIWKHVXEPDQGLEXODUVDOLYDU\JODQGVZKLFKDUHSURPLQHQWLQPDOH
PLFHRQO\ZHUHIDU OHVVVWULNLQJLQWKHPDOHBpifa1-/- PLFH7KHVHURXVDQGPXFRXV
JODQGVZHUHXQDIIHFWHGDQG$OFLDQEOXH$%DQGSHULRGLFDFLG6FKLII3$6VWDLQLQJ
\LHOGHGVLPLODUUHVXOWVLQERWKwtDQGBpifa1-/-PLFHLQWKHVHJODQGVGDWDQRWVKRZQ
7KHWLVVXHVRIWKHXSSHUDQGORZHUUHVSLUDWRU\WUDFWZHUHH[DPLQHGXVLQJ+	(
$% DQG 3$6 VWDLQV DV ZHOO DV LPPXQRKLVWRORJ\ ,+ IRU %3,)$ DQG 6&*%$
7LVVXHV IURPBpifa1-/- ZHUHFRQVLVWHQWO\ ,+QHJDWLYH IRU%3,)$DQG WKHUHZHUHQR
GLIIHUHQFHVLQWKHLQWHQVLW\RUGLVWULEXWLRQRI6&*%$LPPXQRVWDLQLQJEHWZHHQWKH
wt DQGWKHBpifa1-/- PLFH,QBpifa1-/-PLFHWKHQDVDOUHVSLUDWRU\HSLWKHOLDOFHOOVDWWKH
WUDQVLWLRQWRWKHROIDFWRU\HSLWKHOLXPJHQHUDOO\H[KLELWHGDEXQGDQWK\DOLQL]HGJOREXODU
F\WRSODVPLFPDWHULDOOHDGLQJWRH[SDQVLRQRIWKHFHOOV6)LJ&7KLVLVDFRPPRQ
ILQGLQJLQPDQ\VWUDLQVRIPLFHDQGLQFUHDVHVLQVHYHULW\ZLWKDJH>@EXWLVRILQWHUHVW
DVLQWKHSUHVHQWVWXG\LWZDVRQO\SUHVHQWLQWKHBpifa1-/-PLFHDQGDWWKLV\RXQJDJH
,QWKHWUDFKHDEURQFKLDQGORZHUUHVSLUDWRU\WUDFWQRSKHQRW\SLFDOGLIIHUHQFHVZHUH
QRWHGEHWZHHQWKHZLOGW\SHDQGBpifa1-/-PLFH

1RUPDO WUDFKHDO HSLWKHOLDO FXOWXUHV P7(& DUH D JRRG PRGHO WR VWXG\ ,$9
LQIHFWLRQLQYLWUR
1RUPDO PRXVH WUDFKHDO FHOO FXOWXUHV ZHUH HVWDEOLVKHG IURP &%/- PLFH DQG
FXOWXUHG DW WKH DLUOLTXLG LQWHUIDFH WR JHQHUDWH ZHOOGLIIHUHQWLDWHG FXOWXUHV P7(&
'LIIHUHQWLDWHG P7(& $/, FXOWXUHV GLVSOD\HG SKHQRW\SLF IHDWXUHV DVVRFLDWHG ZLWK D
FRPSOH[SRSXODWLRQRIFLOLDWHGFHOOVȕWXEXOLQ%3,)$PXFLQ08&%)R[MFLOLD
PDUNHUDQG6&*%$&&63H[SUHVVLQJFHOOVWKDWPDWFKHGZLWKWKHIHDWXUHVRIWKH
QDWLYHURGHQWDLUZD\HSLWKHOLXP6)LJ$&'(7KHVXUIDFHWRSRORJ\RIGD\
GLIIHUHQWLDWHGP7(&$/,FXOWXUHVDOVRVKRZHGFLOLDWHGHSLWKHOLDOFHOOVLQWHUVSHUVHGZLWK
GRPHGVKDSHGQRQFLOLDWHGFHOOVZLWKDFREEOHVWRQHDSSHDUDQFHZKLFKLVW\SLFDORI
WKH XSSHU DLUZD\ PRUSKRORJ\ 6 )LJ % 7KH H[SUHVVLRQ RI D VHOHFWHG FRKRUW RI
DLUZD\ HSLWKHOLXPVSHFLILF JHQHV ZDV DOVR DVVHVVHG LQ GD\ FXOWXUHV WR IXUWKHU
YDOLGDWHRXU in vitroPRGHO6&*%$DFOXEFHOOPDUNHUDQG%3,)%/3/81&
JHQHH[SUHVVLRQZDVSUHVHQWEXWUHODWLYHO\ORZZKHQFRPSDUHGZLWKP7(&RULJLQDO
FHOOV IUHVKO\ LVRODWHGP7(&FHOOVZLWKRXWFXOWXUHPRGLILFDWLRQ 6)LJ)%3,)$
ZDVUHDGLO\GHWHFWHGLQFXOWXUHGHSLWKHOLDOFHOOVDQGZLWKLQWKHDSLFDOVHFUHWLRQV6
)LJ $ * EXW ZDV QRW IRXQG LQ FLOLDWHG FHOOV 6 )LJ $ & $LUZD\ HSLWKHOLXP
DVVRFLDWHG JHQHV Bpifa1 Bpifb1, Scgb1a1, Muc5ac Muc5b Tekt-1 D FLOLD JHQH
ZHUH FRQVLVWHQWO\ H[SUHVVHG LQ 'D\ P7(& $/, FXOWXUHV DQG PDWFKHG ZLWK WKH
RULJLQDOFHOOJHQHH[SUHVVLRQVLJQDWXUHRIWKHP7(&V6)LJ)7KHin vitroWUDFKHDO
FXOWXUHVDUHWKXVDJRRGin vitroPRGHOZLWKZKLFKWRVWXG\%3,)$ELRORJ\GXULQJ,$9
LQIHFWLRQ

5HIHUHQFHV
 5DZOLQV(/2NXER7;XH<%UDVV'0$XWHQ5/+DVHJDZD+HWDO7KH
UROHRI6FJED&ODUDFHOOVLQWKHORQJWHUPPDLQWHQDQFHDQGUHSDLURIOXQJDLUZD\
EXWQRWDOYHRODUHSLWKHOLXP&HOOVWHPFHOOGRL
MVWHP3XE0HG30,'3XE0HG&HQWUDO30&,'
30&
 %LQJOH/&URVV66+LJK$6:DOODFH:$'HYLQH'$+DYDUG6HWDO
63/81&3/81&LVH[SUHVVHGLQJODQGXODUWLVVXHVRIWKHUHVSLUDWRU\WUDFWDQGLQ
OXQJWXPRXUVZLWKDJODQGXODUSKHQRW\SH-3DWKRO(SXE
GRLSDWK3XE0HG30,'
 0XVD0:LOVRQ.6XQ/0XOD\$%LQJOH/0DUULRWW+0HWDO'LIIHUHQWLDO
ORFDOLVDWLRQRI%3,)$63/81&DQG%3,)%/3/81&LQWKHQDVDODQGRUDO
FDYLWLHVRIPLFH&HOO7LVVXH5HV(SXEGRL
V3XE0HG30,'3XE0HG&HQWUDO30&,'
30&
 7D\ORU,&KDSWHU0RXVH,Q0F,QQHV()HGLWRU%DFNJURXQG/HVLRQVLQ
/DERUDWRU\$QLPDOV6DLQW/RXLV:%6DXQGHUVS
 :DUG-0<RRQ0$QYHU05+DLQHV'&.XGR**RQ]DOH])-HWDO
+\DOLQRVLVDQG<P<PJHQHH[SUHVVLRQLQWKHVWRPDFKDQGUHVSLUDWRU\WUDFWRI
66Y-DHDQGZLOGW\SHDQG&<3$QXOO%PLFH$P-3DWKRO
GRL63XE0HG30,'
3XE0HG&HQWUDO30&,'30&30&
 5HQQH5%UL[$+DUNHPD-+HUEHUW5.LWWHO%/HZLV'HWDO3UROLIHUDWLYH
DQGQRQSUROLIHUDWLYHOHVLRQVRIWKHUDWDQGPRXVHUHVSLUDWRU\WUDFW7R[LFRORJLF
SDWKRORJ\6XSSO66(SXEGRL
3XE0HG30,'
 GH-RQJH+-)HKUPDQQ56GH%RQW(6+RIVWUD50*HUEHQV).DPSV
:$HWDO(YLGHQFHEDVHGVHOHFWLRQRIKRXVHNHHSLQJJHQHV3/R62QH
HGRLMRXUQDOSRQH3XE0HG30,'
3XE0HG&HQWUDO30&,'30&30&
6XSSOHPHQWDU\)LJXUH/HJHQGV
6)LJ&RQVWUXFWLRQDQGFKDUDFWHULVDWLRQRIBpifa1loxP DQG Bpifa1-/- PLFH
3DQHO$L:LOGW\SHBpifa1ORFXV7KHWDUJHWHGUHJLRQRQWKHBpifa1JHQHLQFOXGHV
H[RQVLL7DUJHWLQJYHFWRU7KHFRQGLWLRQDOWDUJHWLQJYHFWRUFRQWDLQHGH[RQV
DQGIODQNHGE\/R[3VLWHVDQGD1HRVHOHFWLRQFDVVHWWHIODQNHGE\)57VLWHVLLL
'HOHWLRQRIWKH1HRFDVVHWWHZDVDFKLHYHGE\EUHHGLQJZLWKDKHWHUR]\JRXV&%/-
EDFNJURXQG)/3PRXVH WRJHQHUDWHFRQGLWLRQDO WDUJHWHGBpifa1loxPPLFH LY7R
JHQHUDWHDV\VWHPLFBpifa1.2 PRXVH(Bpifa1-/-Bpifa1loxPPLFHZHUHPDWHGZLWKD
PRXVH FRQWDLQLQJ WKH &UHUHFRPELQDVH WUDQVJHQH XQGHU WKH FRQWURO RI K&09 ,(
SURPRWHU
3DQHO%:HVWHUQEORWDQDO\VLVRIOXQJWLVVXHIURPHLWKHUZLOGW\SH&%/-RUBpifa1-
/- PLFH DV LQGLFDWHG XVLQJ UDEELW DQWL%3,)$ DV SULPDU\ DQWLERG\ 7KH ILUVW ODQH
VKRZV WKH PROHFXODU ZHLJKW PDUNHUV $ FKDUDFWHULVWLF  N'D GRXEOHW ZDV
REVHUYHGFRUUHVSRQGLQJWRDOWHUQDWLYHO\JO\FRV\ODWHGIRUPVRI%3,)$LQWKHZLOGW\SH
EXWQRWBpifa1-/- PLFH
3DQHO&1DVDOFDYLWLHVRI&%/-DQGBpifa1PLFHZHUHGLVVHFWHGSURFHVVHGIRU
KLVWRORJ\DQGVWDLQHGZLWKKHPDWR[\OLQHRVLQ,QBpifa1-/-PLFHWKHUHZDVK\DOLQLVHG
JOREXODUF\WRSODVPLFPDWHULDOSUHVHQWLQWKHUHVSLUDWRU\HSLWKHOLXPDWWKHWUDQVLWLRQWR
ROIDFWRU\HSLWKHOLXPVKRZQE\EODFNDUURZV0LFURJUDSKVRIUHSUHVHQWDWLYHDUHDVIURP
IRXUPLFHDUHVKRZQ

6)LJ,$9VSHFLILFVWDLQLQJLQPLFHDWGD\SL&%/-DQGBpifa1PLFHZHUH
LQIHFWHGLQZLWK,$9;/XQJWLVVXHVZHUHWDNHQDWRQHGD\SL,$9DQWLJHQZDV
GHWHFWHG E\ ,+ XVLQJ JRDW DQWL,$9 YLVXDOL]HG ZLWK '$% DQG FRXQWHUVWDLQHG ZLWK
KHPDWR[\OLQ0LFURJUDSKVRI UHSUHVHQWDWLYHDUHDV IURPIRXUPLFHDUHVKRZQ/DUJH
DUURZVSRVLWLYHHSLWKHOLDOFHOOV

6 )LJ 9DOLGDWLRQ QRUPDO WUDFKHDO HSLWKHOLDO FHOO P7(& PRGHO 7UDFKHDO
HSLWKHOLDOFHOOVZHUHSUHSDUHGIURP&%/-PLFHDQGGLIIHUHQWLDWHGDWWKHDLUOLTXLG
LQWHUIDFHIRUGD\V$&RQIRFDOLPDJHVKRZLQJFHOOVVWDLQHGIRUȕWXEXOLQFLOLDWHG
FHOOVJUHHQDQG%3,)$UHG7KH=VOLFHVLGHSDQHOVVKRZV%3,)$FHOOVDUHQRQ
FLOLDWHG%6FDQQLQJHOHFWURQPLFURJUDSKRIWKHDSLFDOVXUIDFHRIWKHP7(&FXOWXUHV
VKRZLQJFLOLDWHGFHOOVDQGQRQFLODWHGFHOOVZLWKDFREEOHVWRQHDSSHDUDQFH&'(
&RQIRFDOLPDJHVVKRZLQJ%3,)$DQG)R[-&08&%'DQG6&*%$(LQ
GD\$/,FXOWXUHVRI:7P7(&V)573&5VKRZLQJDLUZD\HSLWKHOLXPDVVRFLDWHG
JHQH H[SUHVVLRQ SURILOH RI P7(& $/, FXOWXUH RI :7 UHSUHVHQWDWLYH RI WKUHH
LQGHSHQGHQW FXOWXUHV 7KH 2$= JHQH ZDV XVHG DV KRXVHNHHSLQJ JHQH >@ *
:HVWHUQEORWRQDSLFDOZDVKHVFROOHFWHGIURP:7P7(&$/,FXOWXUHUHSUHVHQWDWLYH
RIWKUHHLQGHSHQGHQWFXOWXUHV6FDOHEDUIRUFRQIRFDOLPDJHVUHSUHVHQWVP

6)LJ9DOLGDWLRQRIWKHSKHQRW\SHRIP7(&$/,FXOWXUHVIURPBpifa1-/-PLFH
P7(& $/, FXOWXUHV IURP ZLOGW\SH &%/- DQG Bpifa1-/- PLFH ZHUH DQDO\]HG E\
FRQIRFDOPLFURVFRS\ 0LFURJUDSKV VKRZ UHSUHVHQWDWLYHDUHDV IURP WKUHH VHSDUDWH
FXOWUXHV 3DQHOV $ % &HOOV ZHUH SURFHVVHG DQG VWDLQHG ZLWK DQWLȕWXEXOLQ FLOLD
PDUNHU JUHHQ DQWLP%3,)$ UHG DQG QXFOHL FRXQWHUVWDLQHG ZLWK '$3, EOXH
3DQHOV&'&HOOVZHUHSURFHVVHGDQGVWDLQHGZLWKDQWL08&%PXFLQVHFUHWLQJ
FHOOVUHGDQGQXFOHLFRXQWHUVWDLQHGZLWK'$3,EOXH6FDOHEDUUHSUHVHQWVP

6 )LJ 'HWHFWLRQ RI Į DQG ĮOLQNHG VLDOLF DFLG UHVLGXHV RQ XQLQIHFWHG
P7(&7KHSUHVHQFHRIĮOLQNHGVLDOLFDFLG6$DQGĮOLQNHG6$UHVLGXHVRQ
WKH VXUIDFH RI FHOOV ZDV GHWHFWHG E\ ELQGLQJ RI IOXRUHVFHLQODEHOOHG OHFWLQV IURP
Maackia amurensis0$$DQGSambucus nigra61$UHVSHFWLYHO\8QLQIHFWHGGD\
$/,FXOWXUHGP7(&VZHUHGXDOODEHOOHGZLWKHLWKHUDQWL%3,)$SOXV0$$RUDQWL
%3,)$SOXV61$ $ĮOLQNHG6$ UHFHSWRUH[SUHVVLRQ GHWHFWHGE\0$$ZDV
SUHVHQW LQ ERWK wt DQG Bpifa1 P7(& FXOWXUHV ,QWHUHVWLQJO\ WKH %3,)$ FHOO
SRSXODWLRQ ZDV DEVROXWHO\ GHYRLG RI ĮOLQNHG 6$ UHVLGXH H[SUHVVLRQ % Į
OLQNHG6$UHFHSWRUH[SUHVVLRQGHWHFWHGE\61$ZDVRQO\VHHQLQDORZSURSRUWLRQRI
FHOOVLQERWKwtDQGBpifa1-/-P7(&V&'(2FFDVLRQDOH[SUHVVLRQRIĮOLQNHG
6$ UHVLGXHVZDVGHWHFWHG LQ%3,)$P7(&V7KLV LVD UHSUHVHQWDWLYH UHVXOW IURP
WKUHHVHSDUDWHH[SHULPHQWVRQWZREDWFKHVRIPLFH6FDOHEDUUHSUHVHQWVP

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